An experimental technique is described whereby the isolated lung is perfused by means of its respiratory excursion. No perfusion pump is required. Lungs were subjected to positive and negative pressure inflation in a sealed box and were perfused with either blood or blood and low molecular weight dextran at 360 C. and 23' C. In all experiments gross histological changes and pulmonary oedema developed within four hours. Marginally longer perfusions were obtained than in a control series in which a roller pump was used.
The preservation of the isolated lung in a viable state constitutes an important part of any homotransplantation programme, but the use of perfusion has always been attended by the development of pulmonary oedema after one to six hours. A solution has yet to be found to explain this phenomenon which occurs with different perfusates and at different temperatures.
In an attempt to exclude the roller pump as a cause of oedema a method has been devised in which the lung is perfused by using its respiratory excursion as a means of propelling the perfusate through the vascular bed.
METHODS AND MATERIALS
Dogs were anaesthetized by an intravenous injection -of nembutal and a left thoracotomy was performed. Heparin, 15 mg./kg., was administered and the dog was bled by means of a tube inserted into the apex of the left ventricle. The left lung was removed by dividing the pulmonary artery and bronchus and excising that portion of the left atrium surrounding the orifices of the left pulmonary veins.
The lung was mounted in an airtight Perspex box. The bronchus was attached to a cannula which passed through the lid, and the pulmonary vessels were connected to other cannulae which were led to a reservoir ( Fig. 1 a, b) . The inflow and outflow ports of the reservoir were guarded by flap valves which ensured a unidirectiontal flow in the system. The reservoir contained a heat exchanger. The system was primed with either fresh autologous blood or blood diluted with low molecular weight dextran in a ratio of 4 parts blood to 1 part diluent.
A reciprocating air pump with a positive/negative phase was connected to a further cannula in the lid of the box and the lung was ventilated at 18 cycles/ min. with a tidal volume varying from 250 to 400 ml. The tidal volume selected was determined by the size of the dog and was that volume judged to give a physiological range of respiratory excursion. The average time between cardiac arrest and the onset of perfusion was 20 minutes.
T,he lung inspired a 97 % oxygen 3 % carbon dioxide mixture, which was found to maintain the Pco2, pH, and bicarbonate levels of the prime at normal values. Pressures were recorded in the pulmonary artery, pulmonary vein, and in the box. Blood temperatures and blood gas levels were monitored.
As the lung expanded under the influence of the nega,tive pressure applied to the box, gas was drawn into the bronchus, and at the same time blood was drawn from the reservoir into the pulmonary vascular bed by way of the cannula leading to the pulmonary artery. When the lung was deflated during the positive pressure phase of the cycle blood was expelled from the pulmonary veins back to the reservoir. Thus a circulation was produced by the inflation and deflation of the lung. Studies of the passage of dyes and x-ray contrast media confirmed that this was a true circulation and not merely an ebb and flow of blood with respiration (Fig. 2) . The reservoir was calibrated and, by observing the rise and fall of the level of blood within it with each inflation of the lung, the flow could be calculated. Flows of the order of 150-200 ml./min. were obtained with this method, which was studied in five lungs (Table) .
A second method of producing pulmonary perfusion without a vascular pump was obtained by applying intermittent positive pressure ventilation to the bronchus and inflating the lung against the resistance of a toy balloon connected to the box. As the lung was inflated against resistance, blood was expelled from the pulmonary veins into the reservoir. During deflation blood ran from the reservoir into the pulmonary artery under the influence of gravity. (Table) .
In a further control group of six lungs, perfusion was carried out with a deBakey roller pump; the lung was ventilated with either intermittent positive pressure or negative pressure (Table) .
The metabolic 'needs of lung tissue are small. They account for only 0-7% of total oxygen consumption (Fritts, Strauss, Wichem, and Cournand, 1963 
,,220 260  90  6 ,, In all groups intrabronchial and pulmonary vein pressures were maintained within physiological limits (Fig. 6 ). cycles/min., a frequency which has been found to be effective in initiating peristalsis. In no case was any alteration observed in the pulmonary artery pressure, and no improvement in the duration of perfusion was achieved. Halpern, Hamburger, and Cruchaud (1948) reported that antihistamines prevented the development of pulmonary oedema induced by thiodiphenylamine. Promethazine hydrochloride (Phenergan) was introduced into the perfusate in some of the preparations, but again there was no alteration in vascular or respiratory pressures and no improvement in perfusion.
Had oedema developed because of arteriovenous shunting with hypoxia of the capillaries distal to the shunts ? The Po2 of the inflating gases and the pulmonary venous blood was estimated, but no gradients could be demonstrated until gross oedema of the lung had developed, when gradients of the order of 100 mm. Hg were obtained. This implies that shunting does not occur in the perfused lung. Impairment of the ability of the oedematous lung to oxygenate the blood passing through it was demonstrated by recharging the reservoir with deoxygenated blood at intervals and determining the Po, gradient between the pulmonary artery and veins.
DISCUSSION
The isolated perfused lung has long been a tool of the experimental physiologist, but few perfusions were prolonged and there is little record of the condition of the lung at the conclusion of the experiment. During the early days of cardiopulmonary bypass the isolated dog or monkey lung was used as an oxygenator. Pulmonary oedema developed during the first hour of perfusion, but gaseous exchange was still possible for a further three to four hours (Mustard, 1955) .
Perfusion as a nmeans of preserving the viability of the isolated organ prior to transplantation has been widely explored in the kidney and liver but has been attended with little success in the lung. The development of subpleural haemorrhages, pulmonary oedema, and extravasation of blood into the alveoli with rupture of pulmonary capillaries and perivascular haemorrhage has been described by Trowell (1943) and Veith, Hagstrom, Nehlsen, Karl, and Deysine (1967) Could there be arteriovenous shunting with anoxia of the capillaries distal to the shunts? Po2 gradients between the inspired gases and the pulmonary venous blood were measured and no such shunts could be demonstrated.
It might be argued that interruption of the bronchial circulation is responsible for these changes, but no such lesions are found after sleeve resection of the bronchus or pulmonary reimplantation. Awad, Lemieux, and Lou (1966) found that in a series of lungs perfused in situ pulmonary oedema occurred later in those in which the bronchial vessels had been divided.
The theoretical advantage of the apparatus described above is that the same pressures would be applied to the respiratory and vascular components of the lung, and gradients between the pulmonary capillaries and the alveoli would be reduced to a minimum. Even with this advantage, and pressures maintained at physiological levels, gross pulmonary oedema occurred in both the experimental and the control series.
The most favourable circumstances for prolonged perfusion are provided by a blood/low molecular weight dextran prime, normothermia, mounting the lung in a vertical position, and positive pressure inflation.
While it has been shown that the use of hypothermia (Hardy, Eraslan, and Dalton, 1963) or hyperbaric oxygen and hypothermia (Blumenstock, Lempert, and Morgado, 1965; Largiader, Manax, Lyons, and Lillehei, 1965 ) is superior to perfusion techniques in maintaining the viability of the isolated lung, the lesions produced by perfusion would repay further study as a means of gaining a greater understanding of pulmonary physiology and of the similar changes encountered in human pathology.
